Physical interface between p and n-types semiconducting materials known as p-n junction or heterojunction represents the key technology in many electronic and optoelectronic devices such as gas sensors. In this work we are presenting a novel method for the growth of NiO/ZnO (NWs) based heterostructures with vapor phase mechanism and their preliminary sensing study for acetone. To fabricate the NiO/ZnO NWs heterostructures, firstly NiO nanowires were grown on alumina substrates with VaporLiquid-Solid (VLS) method and then Vapor-Solid (VS) method was used for the growth of ZnO nanowires on as grown NiO nanowires. The surface morphology of NiO nanowires and NiO/ZnO heterostructures were investigated with scanning electron microscopy (FE-SEM). Raman spectroscopy has also been used for the structural characterization of heterostructures. A set of conductromertric sensing devices based on NiO/ZnO heterostructures have been prepared. The preliminary sensing performance of NiO/ZnO NWs heterostructure devices towards acetone at temperature of 400ºC is reported in this work.
Introduction
Solid-state metal oxide gas sensors based on one-dimensional nanostructures have been widely used in applications from health and safety. Among the metal oxides, ZnO (n-type) has a wide band gap (3.37eV), nontoxic, environmentally stable, and most abundant elements in earth's crust. On the other hand, NiO (p-type) has also wide band gap (3.6-4.0eV) used for the fabrication of electro-chromic devices. In literature these two semiconducting materials has been widely investigated [1] . Further, in nanomaterials based heterostructures, due to strong heterointeractions between the closely packed interfaces, their performances are considered as more superior and complex [2] . Herein, we present a first time report on growth of NiO/ZnO heterostructure nanowires growth with vapor phase mechanism.
Experiment

Substrates preparation
Alumina substrates (4mm 2 ) were used to grow the NiO/ZnO heterostructures. The substrates were cleaned in ultrasonic cleaner with acetone for 15 min and dried with synthetic air. An ultrathin layer of gold (Au) catalyst was deposited on alumina substrates by using magnetron sputtering (Kenotec Sputtering system). Different deposition parameters such as 50W argon plasma, 5×10 -3 mbar, 7SCCM Ar flow were used for deposition of gold catalyst. While for the deposition of ZnO on top of NiO nanowires no catalyst has been used.
VLS growth process for NiO nanowires
For the growth of NiO nanowires, an alumina tubular furnace (Custom design based on a Lenton furnace) was used. NiO powder was used as source material. The powder was heated at 1400°C to induce evaporation and pressure inside the alumina tube was kept at 1 mbar. The substrates were placed in comparable low temperature region at 930°C. Argon gas of 100SCCM was used to transport NiO vapours towards catalyst deposited alumina substrates. As the evaporated material reaches low temperature region, it starts to condensate on the substrates in the form of NiO nanowires [3] .
VS growth process for ZnO nanowires
ZnO nanowires were grown onto the NiO nanowires deposited substrates using VS technique in tubular furnace. Growth process of ZnO nanowires was performed without using any metal catalyst inside the tubular furnace, at evaporation temperature of 1100ºC, 100SCCM argon flow.
Morphological and structural characterization
The surface morphology of deposited NiO nanowires and NiO/ZnO heterostructures was examined using SEM (Zeiss, Leo1525 Gemini model; Carl Zeiss AG, Oberkochen, Germany) operated at 3-5kV. Samples were fixed on metallic stub with a carbon-based glue to reduce sample charging during observation.
Raman spectra of NiO/ZnO heterostructure along with individual NiO and ZnO nanowires were measured using a HORIBA monochromator iHR320 configured at room temperature with a grating of 1800gmm
, coupled to a Peltier-cooled Synapse CCD. A He-Cd laser (442nm) was focused on the sample by a fiber coupled optical microscope (HORIBA) at 100×magnification. Spectra were recorded in the wavelength of 200-1800cm −1 range.
Device Fabrication
For the fabrication of sensing devices, we firstly deposited a TiW adhesion layer by DC magnetron sputtering (70W argon plasma, @ 300°C, 5.5×10 -3 mbar), then we deposited interdigited platinum contact using the same conditions explained before. A platinum heater was deposited on the back side of alumina substrate via same procedure used for contact deposition. Finally prepared device was mounted on TO packages using electro soldered gold wires.
The conductrometric response of these heterostructured sensing device was measured towards acetone at different concentrations. The total flow inside chamber was 200SCCM mixed with the synthetic air. Measurements were obtained by keeping the climatic chamber at 20°C, with a relative humidity equal to 50% and applying 1V to the sensor devices. Figure 1(a) shows the SEM image of NiO nanowires, while figure 1(b) represents the SEM image of NiO/ZnO heterostructures. The ZnO nanowires seem to cover effectively the whole NiO nanowires. The diameter of NiO nanowires was found to lie in tenth order of nanometers. The calibration curve has been drawn in Figure 3 at optimal working temperature of sensors. This curve was fitted by the typical power trend law for metal oxide sensors, and values of constants A and B was found to be 0.06 and 1.02 respectively. Considering a minimum response value of 1, the detection limit was found to be 14ppm for NiO/ZnO heterostructures nanowire sensors.
Results
Conclusion
In conclusion, the NiO/ZnO based heterostructure nanowires were synthetized with vapor phase technique and were found to be densely packed. The sensitivity of the sensor was tested towards acetone and at different concentrations at their optimal working temperature of 400°C with relative humidity of 50%. The detection limit was found for heterostructured sensor was 14ppm. From these interesting results, the sensitivity of these sensors for other reducing and oxidizing gases is under investigation.
